oligonucleotide, but that there is no disraption in the progression of base-paired 
nucleotides in the resulting duplex. When short strands of nucleic acid align 
contiguously along a longer strand the hybridization of each is stabilized by the 
hybridization of the neighboring fragments because the basepairs can stack along the 
helix as though the backbone was in fact uninterrupted. This cooperativity of binding 
can give each segment a stability of interaction in excess of what would be expected 
for the segment hybridizing to the longer nucleic acid alone. One appUcation of this 
observation has been to assemble primers for DNA sequencing, typically about 18 
nucleotides long, from sets of three hexamer oligonucleotides that are designed to 
hybridize in this way [Kotler, L.E., et al (1993) Proc. Natl. Acad. Sci. USA 90:4241]. 
The resulting doubly-nicked primer can be extended enzymatically in reactions 
performed at temperatures that might be expected to disrupt the hybridization of 
hexamers, but not of 18-mers. 

The use of composite or split oligonuceotides is applied with success in the 
Invader™-directed cleavage assay. The probe oligonucleotide may be split into two 
oligonucleotides which anneal in a contigious and adjacent manner along a target 
oligonucleotide as diagrammed in Figure 68, In this figure, the downstream 
oligonucleotide (analogous to the probe of Figure 29) is assembled from two smaller 
pieces: a short segment of 6-10 nts (termed the "miniprobe"), that is to be cleaved in 
the course of the detection reaction, and an oligonucleotide fliat hybridizes immediately 
downstream of the miniprobe (termed the "stacker"), which serves to stabilize the 
hybridization of the probe. To form the cleavage structure, an upstream 
oligonucleotide (the "Invader™" oligo) is provided to direct the cleavage activity to 
the desired region of the miniprobe. Assembly of the probe from non-linked pieces of 
nucleic acid (i.e., the miniprobe and the stacker) allows regions of sequences to be 
changed without requiring the re-synthesis of the entire proven sequence, thus 
improving the cost and flexibility of the detection system. In addition, the use of 
unlinked composite oligonucleotides makes the system more stringent in its 
requirement of perfectly matched hybridization to achieve signal generation, allowing 
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this to be used as a sensitive means of detecting mutations or changes in the target 

nucleic acid sequences. 

As illustrated in Figure 68, in one embodiment, the methods of the present 
invention employ at least three oUgonucleotides that interact with a target nucleic acid 
to form a cleavage structure for a structure-specific nuclease. More specifically, the 
cleavage structure comprises i) a target nucleic acid that may be either single-stranded 
or double-stranded (when a double-stranded target nucleic acid is employed, it may be 
rendered single-stranded, e.g., by heating); ii) a first oUgonucleotide, termed the 
"stacker," which defines a furst region of the target nucleic acid sequence by being the 
complement of that region (region W of the target as shown in Fig. 67); iii) a second 
oligonucleotide, termed the "miniprobe," which defines a second region of the target 
nucleic acid sequence by being the complement of that region (regions X and Z of the 
target as shown in Fig. 67); iv) a third oligonucleotide, termed the "invader," the 5' 
part of which defines a third region of the same target nucleic acid sequence (regions 
Y and X in Fig. 67), adjacent to and downstream of the second target region (regions 
X and Z), and the second or 3' part of which overlaps into the region defined by the 
second oligonucleotide (region X depicts the region of overlap). The resulting 
structure is diagrammed in Figure 68. 

While not limiting the invention or flie instant discussion to any particular 
mechanism of action, the diagram in Figure 68 represents the effect on the site of 
cleavage caused by this type of arrangement of three oligonucleotides. The design of 
these three oligonucleotides is described below in detail. In Figure 68, the 3* ends of 
the nucleic acids (/.e., the target and the oligonucleotides) are indicated by the \ise of 
the arrowheads on the ends of the lines depicting the strands of the nucleic acids (and 
where space permits, these ends are also labelled "3'"). It is readily appreciated that 
the three oligonucleotides (the invader, the miniprobe and the stacker) are arranged in 
a parallel orientation relative to one another, while the target nucleic acid strand is 
arranged in an anti-parallel orientation relative to the three oligonucleotides. Further it 
is clear that the invader oligonucleotide is located upstream of the miniprobe 
oUgonucleotide and that the miniprobe oUgnuceotide is located upstream of the stacker 
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oligonucleotide and that with respect to the target nucleic acid strand, region W is 
upstream of region Z, region Z is upstream of upstream of region X and region X is 
upstream of region Y (that is region Y is downstream of region X, region X is 
downstream of region Z and region Z is downstream of region W). Regions of 
complementarity between the opposing strands are indicated by the short vertical lines. 
While not intended to indicate the precise location of the site(s) of cleavage, the area 
to which the site of cleavage within the miniprobe oligonucleotide is shifted by the 
presence of the invader oligonucleotide is indicated by the solid vertical arrowhead. 
Figure 68 is not intended to represent the actual mechanism of action or physical 
arrangement of the cleavage structure and further it is not intended that the method of 
the present invention be limited to any particular mechanism of action. 

It can be considered that the binding of these oligonucleotides divides the target 
nucleic acid into four distinct regions: one region that has complementarity to only 
the stacker (shown as "W"); one region that has complemetarity to only the miniprobe 
(shown as "Z"); one region that has complementarity only to the Invader™ oligo 
(shown as "Y*'); and one region that has complementarity to both the Invader™ and 
miniprobe oligonucleotides (shown as "X"). 

In addition to the benefits cited above, flie use of a composite design for the 
oligonucleotides which form the cleavage structure allows more latitude in the design 
of the reaction conditions for performing the Invader™-directed cleavage assay. When 
a longer probe {e.g., 16-25 nt), as described in section III above, is used for detection 
in reactions that are performed at temperatures below the of that probe, the 
cleavage of the probe may play a significant role in destabilizing the duplex of which 
it is a part, thus allowing tumover and reuse of the recognition site on the target 
nucleic acid. In contrast, with miniprobes, reaction temperatures that are at or above 
the of the probe mean that the probe molecules are hybridizing and releasing from 
the target quite rapidly even without cleavage of the probe. When an upstream 
Invader™ oligonucleotide and a cleavage means are provided the miniprobe will be 
specifically cleaved, but the cleavage will not be necessary to the tumover of the 
miniprobe. If a long probe (e.g., 16-25 nt) were to be used in this way the 
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